Abstract-Investments in new generation, specially in renew ables, grew up in several countries contributing to change the generation mix. Among these new technologies, wind power became an important source in the sense that the share in installed capacity is large in countries as Germany, Demnark, Spain and Portugal namely considering the prices paid to the generated power. These subsidizing schemes are in several cases responsible for a large amount of the final end user costs meaning that in the future new ways of integrating this power in the grid have to be adopted. This means that for investors it is important to evaluate from a economic point of view the interest of new wind power projects admitting changes in current taritT schemes.
generated power. These subsidizing schemes are in several cases responsible for a large amount of the final end user costs meaning that in the future new ways of integrating this power in the grid have to be adopted. This means that for investors it is important to evaluate from a economic point of view the interest of new wind power projects admitting changes in current taritT schemes.
For regulatory agencies it is also important to investigate the impact of changes in current schemes. This paper details an approach to characterize this type of investments in terms of the Net Present Value, NPV, and the Internal Return Rate, IRR, so that more sounded investment and policy decisions are adopted.
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I. INTRODUCTION
F ROM the late 80s onwards, competition has been introduced in the electricity sector determining in many countries the change of the traditional operation paradigm. The sector was typically structured in terms of vertically integrated companies that included all the steps of the value chain from generation till the relationship with end consumers, and passing by transmission and distribution. This kind of structure was justified considering that the provision of electricity should be done in a natural way by this type of utilities. This paradigm had several consequences namely in the way operation and expansion activities were carried out. In particular, expansion planning was developed in a centralized way and the decision to build new generation assets was never taken in an independent way from transmission expansion and reinforcement planning. Due to the fact that all activities were included in the same vertical companies there was typically little concern regarding the elimination of cross-subsidies between activities and tariffs in general reflected average costs.
Liberalization and privatization in the electricity industry lead to an increased competition among utilities. At the same time, utilities are now exposed more than ever before to risk and uncertainties, which they cannot easily pass on to their customers through price increases, as it was usual in a regulated environment [1] . Probabilistic measures such as probability density functions can be used to model uncertamtIeS [2] - [3] . The parameters associated with probability density functions can be obtained based on historical data and prediction of future development. Among the uncertainties present in generation expansion planning, the market price of electricity and the wind speed are important factors to be considered in this type of studies.
Regarding wind power, several countries adopted feed in tariffs to remunerate wind park production justifying this policy with the need to induce an emerging activity. Currently, these subsidies already correspond to a large share of the end user costs and wind capacity is well developed, suggesting that a different approach should be adopted. One of the possible approaches corresponds to treat wind capacity as any other large thermal or hydro so that they are remunerated according the market price eventually considering a prize for creating increased competition, as used in Spain for instance. From an investment decision point of view, this means that investing on new wind capacity will be more risky and certainly affected by more uncertainties not only related with the available wind resource, but also market price, fuel prices used by other technologies, hydro conditions as they are important for hydro stations and demand behavior.
Given these concerns and the need to better analyze the feasibility of wind power investments, this paper describes a tool to be used by wind park promoters in order to help them to decide whether to invest in a wind power project. This tool is able to compute the revenues and the profits of the promoters under the form of probability density functions, as a result of the models adopted to represent the uncertainties. The probability density functions of the revenues and profits are built using a Monte Carlo based approach developed within the MATLAB environment. These results will allow promoters to gain insight to the problem, when evaluating in a more adequate way the risks and benefits associated with their investments. In this sense, promoters can develop sensibility studies to evaluate how different fuel price or hydro evolutions will impact on the profits from running the wind parks. The developed tool is illustrated using a Case Study that considers a simulation period of 20 years and a wind park with 50 MW of installed capacity.
According to these ideas this paper is structured as follows. After this introductory Section, Section II summarizes some elements regarding the use of wind to generate power and Section III describes the developed approach, namely the computation of the economic indicators used to evaluate the financial performance of an investment project. Section IV details a Case Study including an initial deterministic analysis, a risk analysis considering that several parameters are affected by uncertainties, a sensitivity analysis admitting two different approaches to remunerate wind power generation. At the end of this Section we address the economic valuation of the CO2 avoided emissions given their expected relevance in the near future. Finally, Section V draws the most relevant conclusions of this work.
II. WIND POWER GENERATION
Investments in wind parks have increased enormously and are wide spreading all over the world. When considering such an investment, it is important to get financial assessments on their feasibility and this typically requires information about the wind regime in the location where the wind park in planned. This is clear because the power from wind turbines depends on the wind speed which means that it is possible to map the locations where such investments are more interesting, leading to the construction of wind atlas [4] . The power that it is possible to get from a wind turbine depends on the power curve of the turbine reflecting the aerodynamic, transmission and generation characteristics of the system. In terms of this curve, there are three important values termed as cut-in velocity, rated velocity and the cut-out velocity. The cut-in velocity corresponds to the minimum wind velocity required to produce power. The rated velocity is the lowest wind velocity that ensures getting the turbine rated power. From the cut-in velocity to the rated velocity, the generated power can be computed using the expression (1). Be tween the rated velocity to the cut-out velocity the generated power is constant. (1) '1 efficiency of the generator and of the mechanical/electrical transmission = 97,5%; V wind speed (rnls). In order to get the energy to be obtained from this system it is necessary to combine the power curve of the selected machine with the wind speed data for the selected location. Then the generated energy, Ep , is the product of the power obtained at the speed V by the time t during which this speed occurs so that the total output energy is the addition of the partial generated values for each wind speed regime as indicated in expression (2) . In this expression P r (V) is the power obtained for the wind speed V r as obtained from the power curve, tr is the duration of the r wind speed regime and R represents the number of regimes considered from the wind data series.
2 When talking about investments on wind parks and on the operation of existing ones it is common the measure the utilization of the machines in terms of the Capacity Factor, a . This factor is defined as the ratio between the energy that is actually generated by the system and the maximum energy that could be generated if the machine was at its rated power during the complete period under analysis (3) . In this expression, E rated represents the energy that could be produced at the rated power during a whole month, or season or year, depending on the period under analysis.
III. DEVELOPED APPROACH
A. General ideas
In this paper, our main objective was to incorporate different sources of uncertainties in investment appraisal. This analysis is relevant because there is a wide number of factors affected by uncertainty, apart from the electricity price itself, that can contribute to turn an investment project very risky and so be discouraged for some classes of investors. This kind of studies is also important in view of the development of competitive mechanisms in the electricity sector leading to a more volatile environment so that the investment decisions have to be taken in view of the uncertainties, evaluating the risks and getting insight on the expected levels of return to the investments. It is also important to recognize that the level of risk foreseen by an investor for a particular project will influence the level of return expected for it. This means that more risky investment projects determine or induce higher return rates. As a whole, this means that it is important to characterize as completely as possible the impact of uncertainties on generation investment projects as a way to help decision makers in taking more sounded decisions, or at least, to select alternatives based on more complete information.
In this approach, we considered that several input data was affected by uncertainties modeled by normal pdf functions. In particular, we considered probabilistic models for the electricity market price, for the investment cost, for the capacity factor (representing the percentage of the number of hours of the year during which the station is in operation) and for variable and fixed operation and maintenance costs.
In particular, electricity market prices are modeled by non negative normal probability distribution. In our case, we used historical hourly electricity prices of the Iberian Electricity Market between Portugal and Spain from 2007 to 2009 from which we obtained monthly average values. This monthly representation can be used to investigate possible seasonal impacts of the profitability of the investments.
B. Economic Analysis of Investment Projects
The economic analysis of each investment project was conducted evaluating in the first place its annual profit. This profit can be expressed by expression (4) . It should be noticed that this corresponds to a general expression that can be used to evaluate the profit associated to different generation technologies. In this case, we will be using it considering wind power generation. Energs electricity generated by this plant in a period s Pes PCasts S (MW.h); electricity price in period s (€/MW.h); generation cost in period s (€/MW.h); number of periods considered in the analysis.
In the developed approach we admitted that the period under analysis was discretized in months, which means that S represents the number of months used in the study.
The generation cost can be obtained using expression (5) . This means that we use an estimate of the number of hours that typically each station will be used in a given period S. This estimate depends on the technology under analysis and it is obtained from historical data. Depending on the technology, this number of hours can be related with the accepted selling bids presented by generation agents to electricity markets or, in case of wind power generation, it can be associated with the availability of wind power. In this work the economic interest of an investment project was characterized by the Net Present Value, NPV. This index reflects the amount of cash-flow created by the project referred to the initial investment year that is to a present term so that all flows are referred to a common time instant. When the NPV value is obtained, it can correspond to a positive amount meaning that the project under analysis will contribute positively to the value of the company. If it assumes a negative value than it will subtract value to the company. If it displays a zero NPV value it indicates that the implementation of this project is indifferent to the economic performance of the company in terms of adding or subtracting value to the firm. As an immediate conclusion, projects displaying negative NPVs should be rejected. The selection of a final project should then be done among the projects having positive NPV in the sense that these projects should be compared with other ones also having positive NPV to get a final decision.
NPV is computed using expression (6) . In this expression
APn represents the estimated annual profit of the project in year n, I represents the investment cost, r is the discount rate and N is the project life time. This expression assumes that the profits will occur in an uniform basis along the number of years under analysis. Then, each annual profit is referred to the initial period using the discount rate, r. It is also important to notice that the investment cost associated with the construction of each generation facility will occur at the beginning of the first year and it corresponds to a cost assumed in an unique term, that is, it is related to a single payment.
NPV= �
APn -I n=l( l+r/100l (6) When considering input factors affected by uncertainties, the NPV of a project can assume very different values when compared to the one coming from a simple deterministic analysis. That is why the influence of uncertainties must be considered in the generation expansion decision making in order to perform a risk analysis. In this analysis, uncertain factors are modelled by probabilistic distributions and one aims at translating the input uncertainty into the NPV value, so that it reflects input data. This means that the decision maker wants to characterize in a more complete way the behaviour of the NPV when considering uncertainties, namely to get information whether a particular investment decision is sufficiently robust, regardless of particular sets of values assumed by the input data.
In this analysis, we also computed the probability distribution of the NPV of each project running a Monte Carlo simulation [3] . In this simulation, we assume that input data displays a specified probability distribution (normal, in this case) and we sample a typically large number of sets of values from these distributions. Each set includes one value for each input data sampled from that probability distribution. Then, this set is used to compute the associated NPV value using expressions (4) to (6) . This procedure is run a large number of times so that the output results for each project are used to build the probability distribution function of the NPV of that project. The number of samplings to extract from the pdf functions is controlled computing the quality of the current estimate of the average of NPV. As in other sampling simulations, we used the Uncertainty Coefficient P indicated in [7] to control the quality of the estimate. Once the process converges, the results can be sorted and plotted in the form of probability distribution and also according to a cumulative probability curve.
Apart from these elements, we can also compute the Coefficient of Variation given by (7) as a secondary criterium to characterize the risk of a project [8] . This expression indicates that a project displaying a larger CV has a larger NPV standard deviation regarding its mean. Therefore, the specified ranges of uncertainties are likely to determine large changes on the NPV indicating that is a more risky project.
CV =
Std. Deviation NPV (7) Mean NPV Apart from these indicators, investment projects are also usually evaluated using the Internal Rate of Return, IRR. The IRR is defined as the discount rate at which the accumulated present value considering all costs becomes equal to that of the benefits. In other words, using IRR as the discount rate, the net present value of a project is zero which means that the IRR corresponds to the maximum rate of interest (in real terms) that the investment can provide [4] . The IRR is computed using expression (8) . This expression directly results from (6) considering that the value of NPV is zero when r equals IRR.
The wind speed can be treated as a stochastic random variable that depends not only on the time but also regarding the location. As a result, the power generated by a wind park will be determined of the wind regime in the location where the park will be installed and also by the technical characteristics of the systems, namely the power curve if the generator and of the connection wind the grid.
Considering the characteristics of the location where the park will be installed, having data for the average wind speed in each month and considering the characteristics of the turbines and generators, it is possible to obtain estimates of the average monthly capacity factor of the park. Having in mind the uncertainty affecting the wind speed and the resulting uncertainty in generated power, we adopted a normal FOP to represent the average monthly capacity factor of the park under analysis. Accordingly, Table I presents the values adopted for the mean and for the standard deviation of the monthly capacity factor of the park. It should be noticed that the economic valuation of an investment will be conducted considering a long term period, 20 years in this case. The values indicated in Table I are considered as reference ones for the whole period under analysis, meaning that we assume that the wind regime will not change during the 20 year period, or in fact, for the entire life of the wind park. The investment project under analysis corresponds to a wind park including 20 generators, each one having a capacity of 2.5 MW. This means that the total capacity of the park will be 4 50 MW. Table II details the main data the investment costs, the variable and fixed operation and maintenance costs and the costs deriving from the loan required to develop the project. All these parameters are considered as affected by uncertainty and are represented by FDPs with the mean and the standard deviation indicated in Table II . We also admitted that the life time of the project is 20 years and that the return rate used to evaluate the investment project is 5 %. We considered that the investment is financed by a bank loan having the cost indicated in Table II and the amortization period is equal to the lifetime of the project that is 20 years. When establishing this input data we followed [5] -[9] that indicate that the yearly operation and maintenance costs of a wind park typically correspond to 1 % to 2% of the total investment cost. On the other hand we admitted that each generator has a rated power of 2.5 MW, that the rotor diameter of the turbine is 90 m, that the cut-in speed is 3 mis, the rated speed is 13 mls and the cut-out speed is 25 mls [6] .
B. Deterministic Results
In the first place, we conducted a deterministic analysis in which we admitted that the electricity price was constant along the entire 20 year period. In this case we used 70.0 €/MWh, having in mind that this value is close to the amount currently used in Portugal for the feed-in tariffs paid to wind promoters. Apart from this, in this deterministic analysis we also used the mean values for the monthly capacity factors indicated in Table I and for the economic data in Table II. Using this deterministic approach, we obtained 38.13 million € for NPV and 12% for the IRR. These results indicate that, considering the mean values of the parameters, the investment is very attractive. This attractiveness is surely also strongly influenced by the value adopted for the feed-in tariff. To a certain extent, the value of 70.0 €/MW.h mentioned above explains why investments in wind capacity are so attractive in Portugal. As mentioned briefly in the Introduction, feed-in tariffs already represent in several countries a large share of the final end-user costs. In Portugal this amount was less than 1 % in 1999, increased to about 8% in 2006 and it reached about 15% by the end of 2009.
C. Risk Analysis
The results obtained in the previous Section using the deterministic analysis can be strongly influenced by the fact that several input parameters are affected by uncertainties. This is true not only for the average wind capacity factors but also for the electricity generated price used in the feed -in tariff and for the data in Table II . Therefore, it is important to conduct a risk analysis in order to evaluate the performance of the investment in view of these input uncertainties. In this analysis we used the Normal FOPs to model the mentioned monthly capacity factors, as indicated in Table I regarding the mean and the standard deviation. Regarding the electyricity price we used a Log-Normal FOP having mean value of 70.0 €/MW.h and standard deviation of 5.0 €/MW.h.
From this analysis we obtained the histogram and the normal distribution function displayed in Figure 1 for NPV. Figure 2 displays the ascending cumulative distribution curve for NPV. From the analysis of this curve it is possible to conclude that the probability of the project displaying a negative NPV value is zero. Finally, Table III presents some financial indicators as the minimum, mean and maximum NPV values, the coefficient of variation computed using (4) and the value of IRR, 12.03 % in this case. The characterization of this investment project was completed running a sensitivity analysis regarding different strategies to pay the power generated in the wind park. This analysis regarding the price of the generated power is relevant because investments in wind projects have been so attractive in several countries, for instance in Portugal. As a result, the installed wind power capacity increased a lot in the last decade and there is a large number of still on going projects. This means that the cost of the subsidies paid by end consumers already correspond to a large share in the final end user tariffs. This means that this technology should be considered as mature so that subsidizing schemes certainly justified 10 or 15 years ago to induce new investments and a new industrial activity are no longer reasonable. As a result, it should be considered reducing the subsidized price or adopting a more market driven approach.
In this line of reasoning, in the first place we admitted that the subsidized price for generated power of the wind park gets reduced to 50.0 €/MW.h. In any case, we considered a Log Normal FOP to represent it having a mean value of 50.0 €/MW.h and a standard deviation of 4.0 €/MW.h. The results indicated that the NPV is now reduced to 5.48 million € and the IRR is 6.11 %. Figures 3 and 4 display histogram and the corresponding normal probability function for NPV and the ascending cumulative distribution curve for NPV. In this case, the probability of getting a negative NPV increased to 0.2 and Table IV contains the remaining financial indicators as the minimum, mean and maximum values for NPV, the CV computed using (4) and the IRR. These results indicate that the investment is still attractive because the corresponding NPV is positive. However, it is now more risky when compared with the situation analysed in Sections B and C 
E. Sensitivity Analysis -Case 2
In Section D we admitted that the remuneration of wind parks was still done using feed-in tariffs but we reduced the tariff from 70.0 €/MW.h to 50.0 €/MW.h. Now, we admit that this subsidizing scheme is eliminated and that the generated power from wind parks is paid according to the daily market price. Having this in mind, Table V The values in this Table indicate that the average prices in the Iberian daily electricity market vary a lot along the year and also from year to year. These variations, for these three particular years, are influenced by the price of oil, gas and coal in international markets, by the hydro inflows and also by the recession that determined an important demand reduction during 2009 leading to a price reduction
In this sensitivity analysis we admitted that wind parks are paid according to the average price of electricity in the three years indicated in Table V . In any case, to take into account variations affecting these average values we modelled the prices using a Log-Normal PDP with a mean value as indicated in the right hand side column of Table V and with a standard deviation of 10% regarding the mean monthly value. Figure 5 displays the histogram and the corresponding normal distribution function for NPV and Figure 6 displays the ascending cumulative distribution curve for NPV. On the other hand, Table VI displays the aggregated economic results, namely the minimum, the mean and the maximum values obtained for the NPV, the Coefficient of Variation computed using (4) and the IRR value. These results reveal that the investment in the wind park remains attractive when considering that the generated power is paid at the average electricity market monthly prices. The probability of getting a negative value for NPV is negligible (0.03) and the IRR is 6.83 %. These results were obtained admitting that the monthly electricity market prices will display a behaviour in future years that is identical to the average of the last three years. Under these assumptions we conclude that the elimination or, at least, the strong reduction of subsidized feed-in tariffs will not compromise investments in wind power, because they will still exhibit a financial performance that will continue to attract new investments.
F. Intemalisation of the Cost of A voided CO2 Emissions
Environmental concerns play an important role in the evaluation of several investment projects. This means that the cost of emissions, in some cases, and the cost of avoided emissions, in some others, should be adequately internalised to perform in adequate way the economic valuation of an investment. In this case, the economic valuation of avoided CO2 emissions was achieved mUltiplying the amount of these CO2 avoided emissions by an unitary cost. An important point when addressing this valuation is related with the need to treat in an uniform way the measures of energy management so that the assumptions admitted to value these measures are harmonized putting them, as much as possible, in equal circumstances.
The economic valuation of CO2 emissions can be done using information from the operation of the EU ETS -European Union Emissions Trading Scheme, established by the EU Directive 2003/87IEC, from the 13 th October 2003. This
Directive created a trading scheme for emissions in which participate 25 member states [11] . The EU ETS trading scheme allocated to each member state a number of CO2 allowances that correspond to an amount of CO2 emissions having zero cost. Afterwards, these allowances were distributed by national agents participating in the market. A particular agent that uses an amount of CO2 emissions smaller than the allocated amount can sell the difference in the market. Conversely, an agency requiring an amount of CO2 larger than the allocated number will have to buy the difference in the market. This trading scheme leads to the definition of the economic value of the ton of CO2 emission that can then be used to valuate the avoided CO2 emissions.
On the first year of operation of the EU ETS scheme they were traded 363 million tons of CO2 emissions with a global value of 7.2 billion €. This corresponded to an average price of approximately 20.0 €/t CO2• This value is currently in use in Portugal to value the CO2 avoided emissions when addressing 7 different planning problems in the scope of the electricity sector. Projections of the EU Commission for the cost of electricity generation for the next 30 years also considered a cost of CO2 emissions in the range from 20.0 a 30.0 € per ton of CO2• On the other hand, in Portugal it has also been used the value of 370 g /kW.h of avoided CO2 emissions. This value was originally established in the National Program Against Climate Change, PNAC, and it is currently used to set the remuneration of the power generated in renewables [12] . Having these values in mind, we repeated the study described in Section E but now admitting that the wind park will have an extra revenue of 7.4 € IMW.h of power generated in the park. This amount reflects the avoided cost of CO2 emissions and it was obtained multiplying the reference value of 370 g /kW.h mentioned above by the cost of 20.0 € per ton of CO2• Using this extra revenue originated the results in Table VII . These results indicate that considering the avoided cost of CO2 emissions contributes to increase the attractiveness of the investment in the wind park given that the IRR increases to 8.83 %. This value should be compared with the return rate used to run the economic analysis, that is with 5%, On the other hand the risk of the project is now reduced since the probability of getting a negative value for NPV is zero.
V. CONCLUSIONS
This paper described an approach to conduct economic analysis regarding new generation capacity investment projects, particularly directed to new wind parks. Generation expansion planning is nowadays affected by uncertainties of different types, namely on investment costs, on fuel prices impacting on electricity market prices, on wind speed, on hydrologic conditions and on the demand. Apart from these ones, one should not forget regulatory uncertainties deriving, for instance, from possible changes in existing schemes to pay for the generated power in renewable stations.
As a result, from the point of view of a promoter, this kind of studies is important to get more insight on the possible economic behaviour of an investment in a wind park. It is also important for regulatory agencies to investigate, for instance, the impact of changes in tariff schemes on the profitability of existing wind parks. To conclude, this means that both promoters and regulatory agencies should use this type of approaches to take more sounded and less risky investment or regulatory decisions.
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